Introduction
============

Inflammatory cells are present in the tumor microenvironment of most cancers and have been reported to affect tumor progression ([@b1-ol-0-0-4102]--[@b3-ol-0-0-4102]). The long-term survival of patients with colon cancer is dependent on the pathological stage as well as the complex interactions between tumor- and patient-associated factors. In particular, systemic and local host inflammatory responses are important determinants of cancer outcome. In contrast to the systemic response, local infiltration of inflammatory cells in the tumor microenvironment is associated with improved survival in patients with colon cancer. Tumor-infiltrating T cells may be an indicator of host immune response to tumor and an attractive target for immunotherapy ([@b4-ol-0-0-4102]--[@b7-ol-0-0-4102]). However, the specific role of individual leukocytic infiltrates in individual tumors remains to be elucidated. This diversity of immunologic response to malignancies renders the targeting of the immune system as part of anticancer therapies a challenge.

Treatment of advanced colon cancer has improved over the past 15 years. The combination of chemotherapy and biological drugs, such as anti-epidermal growth factor receptor (EGFR) or anti-vascular endothelial growth factor antibodies, as well as the sequencing of different active drugs as the disease progresses, can significantly improve outcomes ([@b8-ol-0-0-4102],[@b9-ol-0-0-4102]). In particular, treatment with monoclonal antibodies (cetuximab or panitumumab) against the extracellular domain of the receptor has become a major therapeutic strategy in the treatment of metastatic colorectal cancer. However, the responses to EGFR-targeted antibodies are relatively low, with improvements in survival usually lasting only several months, and efficacy limited to certain patient subtypes ([@b10-ol-0-0-4102]). Nevertheless, despite these advances, the optimal treatment for patients with advanced colon cancer in clinical practice is not yet defined.

Overexpression of bone morphogenetic protein 7 (BMP7) promotes gene amplification and mutation consequence in cell proliferation, survival, invasion, metastasis, and tumor-induced neoangiogenesis ([@b11-ol-0-0-4102]--[@b14-ol-0-0-4102]). Thus targeting BMP7 constitutes an effective therapy in colon cancer. In the present study, the BMP7 expression in surgical specimens of colon cancer was examined to assess the association between this molecule and local immune response. The examination of individual cell types cannot predict outcomes, but it does suggest a prominent role at the level of nodal involvement and lymphatic invasion in these patients. Thus, the results support that the combination of adaptive immunotherapy and biological drugs impact the treatment strategy for colon cancer in distinct clinical settings.

Materials and methods
=====================

### Clinical samples

Paraffin-embedded specimens of patients with colorectal cancer (stages I--III) were retrieved retrospectively from 46 patients who underwent surgery at the Department of Surgery, Siping Hospital of China Medical University (Siping China), between January 2005 and December 2014. The present study was approved by the Research Ethics Committee at Siping Hospital of China Medical University.

The patients were divided into 3 groups as per their nodal metastasis grade (N0, N1, or N2). The first group comprised 11 patients (N0), the second group 20 patients (N1), and the third group 15 patients (N2). The exclusion criteria for the study were: i) Clinical evidence of active infection; ii) the presence of a chronic inflammatory condition; and iii) preoperative chemoradiotherapy. The tumors were staged according to the fifth edition of the tumor, node and metastasis classification ([@b15-ol-0-0-4102]). Additional pathological data were obtained from reports issued at the time of resection. The clinicopathological characteristics of patients are shown in [Table I](#tI-ol-0-0-4102){ref-type="table"}.

### Immunofluorescence of paraffin-embedded tissue sections and evaluation of staining

Paraffin-embedded sections (4 µm) were obtained to assess lymphocyte markers, including CD4 (rabbit, polyclonal, IgG, catalog no: ABIN671376 at a dilution of 1:1000), CD8 (rabbit, polyclonal, IgG, catalog no: ab85792 at a dilution of 1:1000), CD25 (mouse, monoclonal, catalog no: ABIN320392 at a dilution of 1:1000), CD45 (rabbit, polyclonal, IgG, catalog no: ab17553 at a dilution of 1:1000) and CD56 (mouse, monoclonal, catalog no: ABIN2658999 at a dilution of 1:1000). The primary antibodies were purchased from BD Biosciences (Wuhan, China). To detect CD4 and CD25, a general Treg cell antigen was used. CD45 was used as a common leukocyte antigen. CD8 was used as a cytotoxic T lymphocyte (CTL) marker. CD45 was used as a leukocyte common antigen and CD56 was used as an NK cell marker. BMP7 immunoreactivities were detected in the nucleus, and the data were evaluated as a labeling index (LI), as previously described ([@b16-ol-0-0-4102]). Fluorescent staining with anti-mouse and anti-rabbit Ig secondary antibodies \[anti-rabbit IgG (H+L)-FITC: 211-095-109, Jackson ImmunoResearch, Düsseldorf, Germany\] conjugated with Alexa dyes 488 and 568 (Invitrogen Life) conjugated with Alexa dyes 488 and 568 (Invitrogen Life Technologies, Paisley, UK) was used for double staining (CD4 and CD25; CD8 and CD56). Nuclear counterstaining in this case was performed with DAPI (Roche, Mannheim, Germany). Counting was performed under a microscope (Olympus, BX51TF, Tokyo, Japan) at a magnification of ×400. Stained immune cells were assessed without knowledge of the clinical parameters of each patient. The positive cells were evaluated in the nuclei of \>1,000 tumor cells for each case, and LI was calculated as the percentage of each type of positive cell per 1,000 tumor cells counted at random in each section. The cells in each sample were examined blindly by three independent expert observers.

### Statistical analysis

Data are shown as mean ± standard deviation. Cross-tabulations variables were analyzed using Fisher\'s exact test. Statistical analyses were performed using SPSS software, version 19.0 (IBM SPSS, Chicago, IL, USA). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Evaluation of CD45^+^ cells at the site of colon cancer tissue

Gross examination revealed massive infiltration of CD45^+^ cells confined to nodal invasion ([Fig. 1](#f1-ol-0-0-4102){ref-type="fig"}). Different patterns of immune cell accumulations were observed among the patients which potentially coexisted within the same specimen in colon cancer tissue as single cells and diffused cell aggregates ([Table II](#tII-ol-0-0-4102){ref-type="table"}, [Fig. 1](#f1-ol-0-0-4102){ref-type="fig"}). CD45^+^ cells were ranged at a percentage of 46.32, 31.61 and 16.74% in the N0, N1 and N2 nodal invasion groups, respectively ([Table II](#tII-ol-0-0-4102){ref-type="table"}, [Fig. 1](#f1-ol-0-0-4102){ref-type="fig"}).

### Patient-specific extent and organization pattern of CD4^+^CD25^+^ T lymphocytes in tumor tissue

To characterize the T-cell lineages in tumor tissue, the tissue specimens were analyzed for CD4^+^CD25^+^ cells. The major proportion of cells within the large lymphocyte aggregates was CD4^+^CD25^+^ T cells in the N2 nodal invasion group. Quantitative evaluations of the three groups revealed the presence of CD4^+^CD25^+^ T cells in tumor tissue, ranging from 8.11, 15.42 to 21.37% in the N0, N1 and N2 nodal invasion groups ([Table II](#tII-ol-0-0-4102){ref-type="table"}, [Fig. 2](#f2-ol-0-0-4102){ref-type="fig"}).

### CD8^+^ T lymphocytes assemble within the metastatic colon cancer

An important observation of the current study was the presence of CD8^+^ T lymphocytes at the site of the tumor tissue. CD8^+^ T lymphocytes were detected in all of the patients in the N0 nodal invasion group. A comparison of the three groups regarding CD8^+^ T lymphocytes in the tumor tissue revealed statistically significant differences ([Fig. 3](#f3-ol-0-0-4102){ref-type="fig"}, [Table II](#tII-ol-0-0-4102){ref-type="table"}), whereas no CD8^+^ T lymphocytes were typically present in the N2 nodal invasion group ([Fig. 3](#f3-ol-0-0-4102){ref-type="fig"}, [Table II](#tII-ol-0-0-4102){ref-type="table"}).

To characterize the role of NK cells in tumor tissue, tissue sections were stained with anti-CD56 to define the fully active, intra-tumoral NK cells. Only trace numbers of CD56^+^ cells were observed in the N0 nodal invasion group ([Fig. 3](#f3-ol-0-0-4102){ref-type="fig"}, [Table II](#tII-ol-0-0-4102){ref-type="table"}).

### Expression of BMP7 in colon cancer

The expression patterns and cellular localization of BMP7 in 46 colon cancer tissues of three differentiation levels were assessed by immunofluorescence analysis. As shown in [Table III](#tIII-ol-0-0-4102){ref-type="table"} and [Fig. 4](#f4-ol-0-0-4102){ref-type="fig"}, BMP7 immunoreactivity was predominantly localized in the nuclei of CRC cells, whereas BMP7 was significantly higher in the poor nodal invasion group than in the negative nodal group (P\<0.01) ([Table III](#tIII-ol-0-0-4102){ref-type="table"}, [Fig. 4](#f4-ol-0-0-4102){ref-type="fig"}).

Discussion
==========

The clinical course of remission and relapse is commonly observed in patients undergoing therapy for colon cancer ([@b17-ol-0-0-4102]). In the present study, we detected the overexpression of BMP7 in colon cancer tissues in its advanced stage, in particular, its upregulation of BMP7 was closely associated with nodal metastasis. Thus, the combination of chemotherapy, radiation therapy, adaptive immunotherapy and biological drugs, such as anti-BMP7 antibodies for first-line treatment, can significantly improve outcomes.

The mechanisms by which a strong local adaptive immune response improves prognosis in patients with colon cancer remain to be elucidated. In the current study, we identified a highly significant and independent association of CD45^+^ lymphocyte infiltration in the preoperative biopsy with nodal invasion of colon cancer patients. The percentage of CD45^+^ lymphocytes decreased in the later stage of colon cancer tissue. Since the CD45 antigen was originally known as leukocyte common antigen ([@b18-ol-0-0-4102]), the findings strongly suggest that such patients mount a coordinated inflammatory response at a local level, mediated primarily by cells associated with adaptive immunity.

Immunotherapy was utilized for the treatment of colon cancers. To examine T-cell subsets, we evaluated the distribution of T lymphocytes with CD4, CD8 and CD25 phenotype and analyzed the association between different subsets of T lymphocytes and nodal metastasis in colon cancer tissue. For this study, CD4 and CD25 were selected as the regulatory markers for T cells, with CD8 being used as the effector CTLs. Using double immunoflourescent staining and confocal analysis, we confirmed that to a large extent the markers separate in the three different situations of nodal metastasis. We also evaluated CD56^+^ cells in colon cancer tissue, which is similar to CD8^+^ T cells, but decreased in the later stage of colon cancer. Of note, the mechanism of adaptive immunity limitation was of considerable interest and remains to be investigated.

Colon cancers resist certain therapies, such as chemotherapy and adaptive immunotherapy. To investigate the reason for this, the expression of BMP7 in colon cancer tissue was examined. BMP7 has been reported in a wide range of human cancers and has been associated with metastasis and poor prognosis ([@b14-ol-0-0-4102],[@b19-ol-0-0-4102],[@b20-ol-0-0-4102]). In the current study, the expression of BMP7 was 13.4, 28.1 and 40.6% in the N0, N1 and N2 stage, respectively. These findings suggest BMP7 overexpression tended to localize lymph node relapse. In contrast to cells associated with the adaptive immune response, an abundance of CD4^+^CD25^+^ T cells was associated with the abundance of BMP7 expression. These results suggest a protective host response, i.e., the collective effect of BMP7 expression and CD4^+^CD25^+^ T-cell infiltration in the tumor may favor tumor growth and dissemination. Thus, our results suggest monoclonal antibodies may be used under immune contexture.

The study has some limitations. The identification and classification of individual T-cell types should be investigated. Additionally, more patients should be examined for concrete evidence and restricting potential clinical application. The present study focused only on the intra-tumor tissue and did not assess the inflammatory cell invasive margin of the tumor, which is reported to constitute a critical interface between pro- and anti-tumor factors. Furthermore, examination of the prognostic value of intra-tumor inflammatory cells and tumor molecular features need to be verified.

In conclusion, our results have demonstrated the co-expression of CD4^+^CD25^+^ T cells and BMP7 in a considerable percentage of patients with nodal metastatic colon cancer. Overexpression of BMP7 is a potential predictor of nodal invasion, while the molecular marker for high-risk patients may be useful in individualizing patient therapy, such as anti-BMP7 antibodies for first-line treatment, can significantly improve outcomes. In particular, the results suggest the combination of adaptive immunotherapy and biological drugs impact the treatment strategy for colon cancer in distinct clinical settings.
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###### 

Pathological characteristics of colon cancer patients.

  Characteristics                       N0                  N1                  N2
  ------------------------------------- ------------------- ------------------- -------------------
  Median age (range), years             62.36 (51--72)      61.19 (53--69)      60.72 (50--71)
  Gender, no. (%)                                                               
    Female                              5 (37.5)              9 (46.9)          6 (47.6)
    Male                                6 (62.5)            11 (53.1)           9 (52.4)
  T stage primary tumor, no. (%)                                                
    T0                                  0                   0                   0
    T1                                  0                   0                   0
    T2                                  2                   0                   0
    T3                                  9                   20                  15
    T4                                  0                   0                   0
  N stage primary tumor, no. (%)                                                
    Node-negative                       11 (100.0)          0                   0
    Node-positive                       0                   20 (100.0)          15 (100.0)
    N1                                  0                   20 (100.0)          0
    N2                                  0                   0                   15 (100.0)
  M stage primary tumor, no. (%)                                                
    M0                                  11 (100.0)          14 (50.0)           11 (100.0)
    M1                                  0                     6 (50.0)          4
  Largest median diameter, cm (range)   3.29 (2.11--7.36)   5.56 (2.09--8.73)   6.67 (2.13--9.84)

###### 

Associatoin between individual T lymphocyte and the nodal invasion of colon cancer.^[a](#tfn2-ol-0-0-4102){ref-type="table-fn"}^

       Percentage of individual T lymphocyte of colon cancer                                                                                                                                                                                                                                
  ---- ----------------------------------------------------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- -------------------------------------------------------- --------------------------------------------------------
  N0   46.32±6.08                                                                                            14.63±3.47                                                 8.11±3.26                                                  6.23±3.13                                                4.41±1.13
  N1   31.61±4.65^[a](#tfn2-ol-0-0-4102){ref-type="table-fn"},[b](#tfn3-ol-0-0-4102){ref-type="table-fn"}^   21.19±6.12^[a](#tfn2-ol-0-0-4102){ref-type="table-fn"}^    15.42±5.09^[a](#tfn2-ol-0-0-4102){ref-type="table-fn"}^    2.14±2.08^[a](#tfn2-ol-0-0-4102){ref-type="table-fn"}^   1.98±0.69^[a](#tfn2-ol-0-0-4102){ref-type="table-fn"}^
  N2   16.74±3.37^[b](#tfn3-ol-0-0-4102){ref-type="table-fn"},[c](#tfn4-ol-0-0-4102){ref-type="table-fn"}^   28.63±11.35^[c](#tfn4-ol-0-0-4102){ref-type="table-fn"}^   21.37±11.33^[c](#tfn4-ol-0-0-4102){ref-type="table-fn"}^   0.21±0.36^[c](#tfn4-ol-0-0-4102){ref-type="table-fn"}^   0.19±1.01^[b](#tfn3-ol-0-0-4102){ref-type="table-fn"}^

In comparison to N1, parameters in N1 and N2 showed

P\<0.05

P\<0.01. In comparison to N1, parameters in N2, ^b^P\<0.05

P\<0.01. Data are shown as mean ± standard deviation.

###### 

Analyze the expression of BMP7 intra-tumor of colon cancer.

  Expression   N0           N1                                                        N2
  ------------ ------------ --------------------------------------------------------- -----------------------------------------------------------------------------------------------------
  BMP7         13.06±1.21   28.32±5.64^[a](#tfn6-ol-0-0-4102){ref-type="table-fn"}^   40.73±8.35^[b](#tfn7-ol-0-0-4102){ref-type="table-fn"},[c](#tfn8-ol-0-0-4102){ref-type="table-fn"}^

In comparison to N0, parameters in N1 and N2 showed

P\<0.05

P\<0.01. In comparison to the N0 and N1 group, parameters in N2 showed ^b^P\<0.05

P\<0.01. Data shown as mean ± standard deviation.
